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INTRODUCTION 
The development of least-cost computer formulated diets for poultry 
and livestock producers and feed manufacturers became a reality in the 
1950s. The primary purpose of dietary least-costing is to structure a 
diet that is nutritionally balanced at the lowest possible cost through 
the use of alternative ingredient combinations. With least-costing in 
operation, various dietary ingredients and combinations of ingredients can 
be evaluated in designing the optimum least-cost ration for a specific set 
of nutritional guidelines. 
Supplemental fat is a dietary ingredient often used in turkey diets. 
The amount of fat used in diets formulated by least cost linear program­
ming, however, has been dependent on the relative cost of fat's contri­
bution of metabolizable energy content of fat. But, in addition to 
contributing metabolizable energy to diets, which results in improved 
feed efficiency of turkeys, supplemental fats have been shown to stimulate 
growth. Consequently, the use of the nutrient profile and cost of fat 
for least-cost formulation will not yield diets in which supplemental fats 
are used to optimum economic advantage. 
Considerable information is available in the literature describing 
the beneficial effects of supplemental fats on rate of gain and feed 
efficiency of turkeys. Much of the data was obtained from experi­
ments designed to facilitate an assessment of quantitative relationships 
that may exist between level of supplemental fats used and the improve­
ments in weight gain or feed efficiency observed. To date, however, there 
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has been no Information published that has utilized the quantitative 
relationship data to determine the economic implications of supplemental 
fat usage in turkey diets. 
One objective of this dissertation is to present a review of 
literature describing the quantitative effects of supplemental fats on 
rate of gain and feed efficiency of growing turkeys. A second objective 
is to present a predictive equation which will make possible relatively 
thorough economic assessments of the usefulness of supplemental fats 
in diets of growing turkeys given variations in ingredient costs 
and live-weight turkey market prices. 
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SECTION I. SUPPLEMENTAL FATS FOR GROWING 
TURKEYS: A REVIEW 
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INTRODUCTION 
Use of added fat to increase the energy concentration of poultry 
diets is common practice. Generally, added fat enhances the physical 
consistency of mash-type diets and improves efficiency of feed utiliza­
tion. Occasionally, a stimulation of weight gain by growing chickens 
and turkeys has been reported. The extent to which fat supplementation 
improves the diet's effectiveness, however, varies with the amount of 
supplemental fat used and the age of the turkey. 
This paper examines the effects of supplemental fat on performance 
of growing turkeys, with emphasis on the influence of the type of sup­
plemental fat used and the age at which turkeys were fed this concen­
trated energy source. Also, economic considerations concerning the use 
of added fat are discussed. 
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FAT SOURCE 
Different sources of supplemental fats have been used in turkey 
diets to improve feed efficiency and body-weight gains. Vegetable oils, 
animal fats, and mixtures of animal and vegetable fats have all been 
used, and researchers have observed differing levels of effectiveness 
among these sources. 
Biely and March (1954) reported that edible tallow improved both 
weight gains and feed utilization when fed to turkeys from one day to 
ten weeks of age. In this study, improvements of 6.5% in weight gains 
and 3.5% in feed efficiency were noted. The beneficial responses to 
tallow occurred when fat was added in graded levels of 2, 4, 6, and 8% 
at 2, 4, 6, and 8 weeks of age, respectively. Yacowitz et al. (1956) 
observed improvements in feed efficiency of 5.8 and 11.9%, respectively, 
when 3 and 6% stabilized animal fat was added to rations fed from 9 to 
16 weeks of age. Not only did the handling characteristics of the feed 
improve, but the overall dietary efficiency was ameliorated as well. 
Research by Waibel (1958) on the use of a stabilized mixture of animal 
fat, composed of equal parts of beef and pork fat, indicated that, when 
the mixture constituted 10% of the ration and protein levels remained 
constant, feed efficiency and body-weight gains were improved. 
Several researchers (Joshi and Sell, 1964; Blakely et al., 1965) 
have shown that adding vegetable oils to turkey diets improved produc­
tion traits. Older turkeys, particularly those in finishing stages of 
growth (16 to 24 weeks of age), were able to use rapeseed oil as 
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effectively as soybean or sunflower oil. However, rapeseed oil had a 
deleterious effect on growth of turkeys from 0 to 6 weeks of age. A 
partial explanation of this effect of rapeseed was offered by Joshi and 
Sell (1964). They suggested that the high concentration of erucic acid 
in rapeseed oil was toxic and thereby impaired performance. 
Corn oil also proved effective as a supplemental fat source for 
growing chicks (Dam et al., 1959; Carew and Hill, 1964; Vermeersch and 
VanSchoubroek, 1968). For practical diet formulation, levels of 3.5 to 
10% supplemental corn oil were the most efficient. Similar results 
would be expected with growing turkeys. 
Soybean oil has been shown to improve weight gains and feed efficien­
cies in all stages of turkey development. Joshi and Sell (1964) observed 
a 14.4% improvement in feed efficiency and an 11.3% increase in weight 
gains using 5% supplemental soybean oil in turkey starter diets from 
0 to 6 weeks of age. Blakely et al. (1965) reported improvement in 
weight gains and utilization of feed of 4.6 and 9.5% respectively, when 
soybean oil was used during the finishing period of 20 to 24 weeks of 
age. Waibel (1972) indicated a 16% improvement in feed conversion when 
diets containing 8% soybean oil were fed to growing turkeys from 0 to 26 
weeks of age. The improvements in turkey production characteristics 
were 5.3 and 14.3% in terms of weight gains and feed efficiency. 
Beneficial responses to the use of soybean oil also were observed in 
later growth stages by Waibel (1978) and Potter et al. (1974). 
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Sell and Owings (1980) reported that turkey diets supplemented 
with a blend of animal-vegetable fat produced positive results in both 
weight gains and feed efficiency when fed from 0 to 20 weeks of age. 
The weight gain response varied from ,7 to 1.6% improvement per 1% 
added fat. In terms of improved feed efficiency, the response varied 
from .7 to 1.5% per 1% added fat. 
A composite comparison of the effects of different sources of 
supplemented fat on performance of growing turkeys is presented in 
Table 1. The data show that the responses elicited by fat varied 
considerably among research reports as well as among fat sources. 
Vegetable oils seemed to enhance performance to a greater degree than 
animal fat sources. The largest responses to vegetable oils, however, 
were observed in only one experiment with turkeys up to 6 weeks of 
age (Joshi and Sell, 1964). Otherwise, the overlap of responses 
to various fat sources, together with the relative costs of fats 
of animal and vegetable origin in the United States, suggests that 
animal fat would be the logical choice to realize the greatest 
potential economic benefits from fat supplementation of turkey diets. 
9  
AGE OF TURKEY AND RESPONSES TO SUPPLEMENTAL FAT 
Effect on Feed Efficiency 
Initially, added fat was used in broiler chick diets to improve 
weight gains, feed efficiency, and feed handling traits (Henderson and 
Irwin, 1940; Scott et al., 1947; Sunde, 1954), Biely and March (1954) 
were the first to report the potential benefits of using added fat in 
turkey diets. 
Biely and March (1954) reported that supplementing turkey starter 
diets with 7% tallow improved feed efficiency. In their study, poults 
were fed diets supplemented with fat from 0 to 10 weeks of age. The im­
provement in feed efficiency over the basal (no added fat) diet was 6%. 
Additional evidence that supplemental fat (tallow) improved feed 
utilization by young turkeys was provided by Waibel (1958). His re­
search indicated that feeding a ration containing 10% added fat to poults 
from 0 to 6 weeks of age enhanced feed utilization by 16.2%. Waibel 
(1958) further surmised that the beneficial effect would continue as 
long as protein requirements were fulfilled. 
Balloun et al. (1959) clearly demonstrated that fat supplementation 
improved feed efficiency in growing turkeys. From 0 to 6 weeks of age, 
poults were fed a ration containing 3% beef tallow. The improvement 
reported with fat supplementation was significant (P£.01). From a 
practical standpoint, 14% less feed was required by poults fed diets 
supplemented with tallow as compared with turkeys fed no supplemental 
fat. Balloun et al. (1959) stated that the improvement in feed 
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efficiency was dependent on maintaining an adequate protein level. 
Their conclusions supported the earlier work of Waibel (1958). 
Joshi and Sell (1964) reported that feed utilization improved 
significantly (P^.05) when supplemental fat was included in turkey 
diets during the first 6 weeks of the growth period. The improvements 
were evident when soybean oil, sunflower oil, or tallow were fed at 
5 or 10% of the ration. 
Potter et al. (1967) demonstrated that supplemental fat fed at 4% of 
the total diet to turkeys from 1 day to 8 weeks of age improved feed ef­
ficiency. One would expect fat to be of greater economic benefit in 
turkey rations as the bird matures because the turkey consumes approxi­
mately 85% of its total feed intake during the growing and finishing 
period (8 to 20 weeks of age). Combs et al. (1958) demonstrated that 
turkeys fed diets containing up to 10% added fat from 11 to 14 weeks of 
age showed significant improvements (P^.05) in feed utilization. Tur­
keys fed diets supplemented with fat until 16 weeks of age showed im­
proved feed efficiencies of up to 15.9% over the basal (no added fat) 
ration (Potter et al., 1970). 
Touchburn and Naber (1966) also reported that fat supplementation 
improved feed utilization by growing turkeys. They demonstrated the 
increased value of added dietary fat as the turkey matures and described 
the phenomenon as a "cumulative response." Touchburn and Naber (1966) 
used the term "extra caloric" effect to describe the improved feed 
efficiency response. They stated that the response of turkeys fed diets 
containing added fat was more than expected solely from the additional 
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caloric density of the fat-supplemented diets. 
Jensen et al. (1970) corroborated the findings of Touchburn and 
Naber (1966). Jensen et al. (1970) showed that fat supplementation im­
proved feed efficiencies 12.2, 13.2, 11.2, and 19% when fed at 8% of the 
ration from 8 to 12, 12 to 16, 16 to 20, and 20 to 24 weeks of age, re­
spectively. According to these data and assuming that the growing turkey 
will consume 85% of its total feed intake during the period from 8 to 20 
weeks of age, a producer could realize a total feed savings of approxi­
mately 10% for the entire growing cycle by using 8% supplemental fat. 
This feed saving alone would make the use of added fat worth considering. 
In the Jensen et al. (1970) study, the results were not altered by ad­
justments made to the ME:nutrient ratios. 
Positive responses to the use of supplemental fat during the grow­
ing and finishing periods of turkey production (16 to 29 weeks of age) 
were reported by several researchers (Blakely et al., 1965; Jensen and 
Falen, 1973; deAlbuquerque et al., 1978). Effects of added fat during 
the late grower (beyond 16 weeks of age) and finisher stages may be the 
key to deciding to what extent fat supplementation will be used in tur­
key feeding programs. Potter et al. (1974) demonstrated that the cumu­
lative effect with regard to feed efficiency amelioration was most pro­
nounced in the turkey grower and finisher periods. They reported that 
feed efficiency was improved from 2.2 to 2.5% for each 1% fat added to 
turkey grower diets. During the finisher period, improvement in feed 
efficiency ranged from 2.9 to 3.1% for each 1% fat added to the ration. 
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Potter and co-workers (1974) obtained their results by using 5 and 10% 
added fat. With the figures generated by Potter, it would be possible 
to improve feed efficiency 15% during the turkey market cycle by using 
a ration containing 8% supplemental fat. 
The research information indicates that fat supplementation can be 
used in turkey diets to improve feed efficiencies (up to 19% in certain 
situations), particularly when used during grower and finisher periods 
(10 to 20 weeks of age), the time during which most of the feed will be 
consumed. 
Effect on Body Weight Gain 
Using supplemental fat in turkey diets moderately improves weight 
gains. Evidence illustrating this response to added fat, however, is not 
as consistent as that showing the feed efficiency response. 
Ferguson et al. (1956) reported that supplemental fat increased 
weight gains of poults significantly (P/i.05). Ferguson et al, (1956) 
fed a ration supplemented with 3.5 or 7% soybean oil to turkeys from 2 
to 8 weeks of age. The largest increase in weight gains occurred with 
the turkeys fed diets containing 3.5% soybean oil. In this instance, 
weight gain was improved 10.3% as compared with that of poults fed the 
basal (no added fat) diet. Balloun et al. (1959) described the effects 
of adding tallow to poults diet. When tallow was added at 2 and 3% of 
diets fed to turkeys from 0 to 6 weeks of age, weight gains were im­
proved significantly (P£.01). These authors observed that the weight 
gain improvement attributed to added fat could be obtained as long as 
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dietary protein was maintained at an adequate level. This finding is in 
agreement with the reports by Atkinson et al. (1957) and Donaldson et al. 
(1958) that, unless protein levels were maintained adequately, added fat 
would not improve weight gains. 
Yacowitz et al. (1956) reported slight improvements in weights of 
turkeys when rations supplemented with 3 or 6% tallow were fed from 9 
to 16 weeks of age. The degree of improvement observed by Yacowitz et 
al. (1956) was less than 2%, a response statistically not significant in 
justifying changes in practical turkey diet formulations. 
Waibel (1972) submitted findings that differed from those of Yacowitz 
et al. (1956). Waibel (1972) reported that turkey diets supplemented 
with various types of fats (soybean oil, animal fat, hydrogenated vege­
table fat) significantly improved (P^.05) turkey weight gain. The pos­
itive effects of fat on weight gains occurred in diets fortified with as 
much as 8% fat. Waibel (1972) indicated that the value of supplemental 
fat increases as the turkey matures, possibly because the bird's diges­
tive system becomes more efficient with age in assimilating and metabo­
lizing the increase in dietary fat. The importance of this phenomenon is 
that, during stages of growth when turkeys consume the most feed, sup­
plemental fat may be used most effectively. 
The majority of research shows that supplemental fat increased 
weight gains of growing turkeys (Touchburn and Naber, 1966; Potter et al., 
1967; Jensen et al., 1970; Waibel et al., 1973). The optimum level of 
added fat and the stages of the turkey feeding cycle at which fat elicits 
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the greatest response have not been defined. Therefore, considerably 
more research is needed with special attention directed toward economic 
evaluations of fat supplementation in turkey diets. 
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ECONOMIC CONSIDERATIONS 
Waibel et al. (1973) evaluated the economic parameters of using sup­
plemental fat in turkey torn production and determined the net return per 
turkey yearly and net return per turkey per flock. They used growth and 
feed efficiency data obtained from research and a range of prices for 
corn, soybean meal, supplemental fat, and market turkeys to calculate net 
returns. Their research indicated that combinations of corn-soybean meal 
and fat, coupled with particular market turkey prices, could be used to 
optimize the net monetary return per turkey. The economic advantage of 
using supplemental fat was calculated by adding the fat cost to the cost 
of the corn-soy portion of the diet. This total was compared with the 
cost of an unsupplemented diet. Waibel et al. (1973) then compared the 
improvements in feed efficiency and(or) body-weight gains obtained from 
fat supplementation with the additional cost of using supplemental fat. 
They concluded that the optimum net return was generated by a diet using 
8.4% added fat. The cost relationships that existed in the optimum ra­
tion were 5.5, 19.8, and 17.6 cents per kg for corn, soybean meal, and 
animal fat, respectively. The optimum projections were based on Sl.lO/kg 
liveweight price of the toms and an 11.02-kg market weight. The economic 
advantage of using added fat decreased as the price of fat approached 
52.8 cents per kg. Beyond 52.8 cents per kg, there was no economic ad­
vantage to using added fat. This study, though defining optimum price 
ranges for added fat under a specific set of prevailing prices, still 
leaves unanswered questions concerning dietary level and stage of the 
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growing cycle at which added fat can be used most effectively. 
Waibel et al. (1977) also addressed the question of the economic 
value of added fat in turkey rations. Variable-per-flock data were deter­
mined, and a break-even analysis coefficient was generated for use of added 
fat in turkey diets. The break-even components showed a price per kg at 
which added fat could be used economically in turkey diets. In Waibel et 
al.'s (1977) study, the break-even price, the price at which a producer 
could afford to purchase supplemental fat, ranged from 22.88 to 52.14 
cents per kg. The 22.88-cent price was viable when prices for corn and 
soybean meal were 5.5 and 44 cents per kg, respectively According to 
this study, added fat could be used economically as a feed constituent 
when its price was 51.14 cents per kg and the price of corn and soybean 
meal were both 11 cents per kg. The market price for live turkeys in 
this study ranged from 44 cents per kg to $1.10 per kg, with the value of 
added fat increasing as the liveweight, market price increased. 
Carcass data and grade information must also be evaluated to fully 
assess the economic value of supplemental fat. According to Essary et 
al. (1968), carcass yields were increased with supplemental dietary fat. 
Moran et al. (1969) indicated that fat supplementation of turkey grower 
rations increased lipid deposition in the carcass, potentially influenc­
ing grade and finish of market turkeys. 
Information reported by Leeson and Summers (1980) indicates that age 
of the growing turkey was the most significant factor affecting carcass 
yeilds. In other words, as the turkey ages (and grows), the carcass 
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yield increases up to 154 days of age and then begins to decline. There­
fore, the potential improvements in carcass grades that may result from 
fat supplementation (Essary et al., 1968; Moran et al., 1969) probably 
would be secondary to the age effect reported by Leeson and Summers (1980). 
Several researchers in the early 1970s (Salmon and O'Neill, 1971; 
Salmon and O'Neill, 1973; Salmon, 1974) reported that supplemental fat im­
proved overall carcass composition, grade potential, and carcass fat 
score in market turkeys. An improvement in carcass quality was reported 
by Salmon and O'Neill (1971) using three sources of supplemental fat 
(soybean, palm, and rapeseed oils) in turkey diets. The extent to which 
fat supplementation can improve carcass quality and increase the propor­
tion of grade A turkeys and the economic significance of that potential 
shift in turkey grading proportion need to be more adequately defined. 
1 8  
SUMMARY 
Supplemental fat can be used in turkey diets to improve feed 
efficiency and weight gains. Research indicates that carcass grades 
also can be improved by using supplemental fat. Economic ramifications 
of using supplemental fat, however, are not clearly documented. The 
magnitude of response reported by various researchers (Potter et al., 
1974; Jensen et al., 1970; Waibel, 1972) indicates that weight gains can 
be improved slightly (.7 to 1.6% improvement per 1% fat) and feed 
efficiencies can be improved an average 1.7% for every 1% of supplemental 
fat used in the diet. This information has been substantiated recently 
by Sell and Owings (1980) who reported feed efficiency improvements of 
.7 to 1.5% for each 1% of added fat. The type of fat source used is 
governed more by economic constraints than performance indices in that 
similar production effects would be expected if animal fat, animal-
vegetable blends, or vegetable oil were used. 
Research data are needed that more accurately define the response of 
growing turkeys to added fat so that the economic potential and the factors 
affecting this potential can be determined. More precise information re­
garding protein and amino acid requirements and subsequent interactions 
with calorie:protein ratio needs to be obtained to fjlly assess the poten­
tial value of added fat. Further research is needed to determine at what 
age added fat can be used optimally in turkey nutrition. When these 
questions are answered, we will be better able to determine ways that sup­
plemental fat can be used in turkey diets for increasing monetary returns. 
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Table 1. Comparative effects of different fat sources 
Ranges in % improvement per 
1% supplemental fat 
Source Feed/Gain Body Weight References 
Animal fat* 
Animal-vegetable 
blendO 
Vegetable oil^ 
1.6 to 1.9 0.0 to 0,9 
0,7 to 1.5 0.7 to 1,6 
1,0 to 2.9 9,6 to 2,2 
Biely and March (1954) 
Yacowitz et al, (1956) 
Balloun et al, (1959) 
Waibel et al, (1973) 
Sell and Owings (1980) 
Dam et al. (1959) 
Joshi and Sell (1964) 
Blakely et al. (1965) 
Vermeersch and Van 
Schoubroek (1968) 
Waibel et al. (1977) 
^Animal fat included: grease, tallow, lard, or mixtures thereof. 
^Constituents were not specified, 
^Soy oil, corn oil, or sunflower oil. 
23 
SECTION II. AN ECONOMIC MODEL FOR OPTIMIZING 
SUPPLEMENTAL FAT USAGE IN TURKEY 
DIETS 
24 
AN ECONOMIC MODEL FOR OPTIMIZING SUPPLEMENTAL 
FAT USAGE IN TURKEY DIETS 
Albert Kagan 
Jerry L. Sell 
William J. Owings 
Department of Animal Science 
Iowa State University 
Ames, Iowa 50011 
Journal Paper No. J-10090 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames Iowa. Project No. 2241. 
25 
ABSTRACT 
This article examines the economic implications of supplemental fat 
usage in turkey diets. A production-function model is derived, and exper­
imental data to support the model are presented. Linear regression analysis 
is used to establish the linear relationship between level of added fat 
and improvements in weight gain and feed efficiency of turkeys to allow for 
economic optimizing. The model can predict under what circumstances it is 
advantageous to use supplemental fat. This model can be coupled to a tur­
key producer's (feed manufacturer's) existing least-cost diet formulation 
capabilities to allow for an imnediate cost-benefit identification in terms 
of supplemental fat usage. 
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INTRODUCTION 
The use of added fat has been demonstrated to be a factor in improving 
feed efficiency, increasing body weights, and improving ration handling 
characteristics in turkey nutrition (Balloun et al., 1959; Jensen et al., 
1970; Sunde, 1954; Waibel, 1958). Sources of fat shown to elicit 
favorable responses in turkeys include animal fat, animal-vegetable 
fat mixtures, and vegetable oils (Joshi and Sell, 1964; Potter et 
al., 1974; Sell and Owings, 1980). 
The economic ramifications of using added fat in turkey diets have only 
recently been investigated in detail (Waibel et al., 1977; Waibel et al., 
1973). To date, published data have not facilitated reasonable projections 
of the economic significance of supplemental fat for turkey production nor 
demonstrated how supplemental fat can best be applied to least-cost 
rations. 
The economic significance of measuring the cost-profit relationship 
in turkey production has long-term applications. The feed cost component 
of total turkey production costs in the 1970s has been, and is projected 
by many during the 1980s to continue to be, 75% of the total production 
cost (Rogers, 1979). This means that any feed-cost reduction obtained 
without adversely affecting turkey performance will be economically rele­
vant for turkey producers. 
The major inputs to practical turkey diets are corn and soybean meal. 
Corn may range from 33 to 70% of the diet, depending on the protein con­
tent of the ration while soybean meal (48% protein) may range from 20 to 
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55% in similar types of diets. Overall, corn and soybean meal may 
constitute 85 to 90% of the turkey diet. 
Because of the high constituent value, significant changes in the 
price(s) and(or) the total quantities of com or soybean meal used can 
dramatically alter a turkey producer's profit potential. A model now 
is proposed to measure or gauge the economic significance of using 
supplemental fat in turkey diets to increase the efficiency of 
converting feed (primarily corn and soybean meal) to meat. 
The use of least-cost, linear programming of diets constitutes 
an important part of the eventual use of the model developed to 
predict the effectiveness of supplemental fat in turkey production. 
Linear program modeling has been used to formulate least-cost rations 
since the early 1950s. The least-cost approach has been of distinct 
advantage to chicken and turkey producers in designing efficient and 
economical formulations. 
Therefore, the linear programming technique has been used as a 
tool in model development for optimizing the fat utilization in diets 
for growing turkeys. 
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OBJECTIVE 
The objective of the research reported here is to develop a model that 
would facilitate an assessment of the economic potential of supplemental 
dietary fat in turkey production. In addition, a computer program was 
designed that coupled the model to ration formulation by least-cost, linear 
programming. 
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THE MODEL 
A research project was conducted at Iowa State University to obtain 
data for use in the development of a production function model to predict 
optimal use of added fat in turkey diets under specific conditions. The 
purpose of added fat is to Improve dietary efficiency and turkey performance, 
thereby Improving the overall profit potential of the diet. The function of 
the model will be to demonstrate the range of input costs over which sup­
plemental fat can be utilized effectively to Increase the profit potential. 
The data for model development were obtained from an experiment de­
signed to determine the effect of fat supplementation of practical diets on 
rate of growth and efficiency of feed utilization by a commercial strain of 
large-type, male turkeys. The experimental procedures have been described 
by Sell and Owings (1981). In essence, nutritionally balanced diets for­
mulated to meet or exceed recommendations of the National Research Council 
(1977) and containing levels of supplemental fat ranging from 0 to 8% were 
fed to turkeys from hatch to 20 weeks of age. Body weight and feed consump­
tion data were recorded. Subsequently, regression analyses was performed 
to determine the relationship between changes In body weight or efficiency 
of feed utilization and level of supplemental fat included in the diets. 
All diets were composed primarily of corn and soybean meal, and hydrolyzed 
animal-vegetable fat of commercial origin was the source of supplemental 
fat. The data obtained from this experiment describing the influence of 
supplemental fat on average 20-week body weight and efficiency of feed 
utilization are presented in Table 1. The linear components of the data 
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treated to analysis of variance were statistically significant (Barr et al., 
1979). The quadratic components of the data were not significant for either 
production trait. Therefore, it was concluded that the linear regression 
coefficients could be used legitimately in the development of the model and 
computer program to be described. The linear relationship between level of 
supplemental fat and improvements in rate of gain and feed efficiency ob­
served in the current research is consistent with the findings of others 
(Owen et al., 1981; Sell and Owings, 1981; Waibel, 1978). Although the mag­
nitudes of responses per unit of supplemental fat varied among the experi­
ments reported in the literature, a distinct linear pattern was generally 
evident. 
In developing a model for this situation, three assumptions are nec­
essary to validate the model's applicability. The first assumption is that 
the improvements in performance of growing turkeys will be related linearly 
to the level of supplemental dietary fat, at least within the practical 
limits for use of supplemental dietary fats (1 to 8% of the diet). The 
second assumption is that the linear responses will be reproducible under a 
variety of circumstances encountered in turkey production. The third 
assumption is that reasonably accurate information about the anticipated 
performance of turkeys fed diets with no added fat will be available to 
use as control groups for projecting the effects of supplemental fat. 
With these three assumptions, a simplified version of the proposed 
model is: 
Return above 
market price/kg) 
marketable turkey product) x (turkey 
total feed cost 
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This is expressed symbolically as: 
N = [M X TI -[V] 
Where: 
N = return above feed cost 
M = marketable turkey (market weight of turkey, kg) 
T = turkey market price/kg liveweight 
V = total feed cost/marketable turkey 
Table 2 contains the definition of all variables that will be used in 
this presentation. 
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RESULTS AND DISCUSSION 
Table 3 contains the regression information of 20-week body weight and 
feed efficiency on the specific level of dietary fat supplementation. The 
regression equations are based on the linear model Y = b^ + b^x. The re­
gression coefficients enable the marketable turkey and feed-cost components 
of the production function equation to be calculated. 
The experimental data (Table 3) show that, for each 1% fat added to 
this diet series, body weights and feed efficiency improvements were .6 and 
1.3%, respectively. The return-above-feed-cost equation N = _M x f] -[vZ 
contains the regression information generated from the experimental study. 
Therefore, the equation itself must be separated into its component parts 
so that it can be transformed into a computer model to derive prediction 
values. 
Two components of this equation, M and V, will be affected by the use 
of supplemental fat in turkey diets. Therefore, each of these components 
must be adjusted according to the effect of added fat on rate of growth 
and efficiency of feed utilization. The experimental data (Table 1), sub­
jected to regression analysis, quantifies the changes in market weight and 
feed efficiency of turkeys associated with increments of added dietary fat. 
In the instance of marketable turkey ( M ) ,  the adjustment would be: 
M = B + F2 where, 
B = weight of turkeys fed no added fat 
F2 = change in body weight/percentage supplemental fat 
B would be a value determined in advance by individual producers on 
the basis of knowledge about specific management programs to be used. 
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Fg = F X R where, 
F = the percentage supplemental fat used in the diet 
R = the regression coefficient that describes the relationship 
between change in body weight and level of supplemental fat 
Thus, the M component of the general equation can be defined 
M = B + (R X F) 
The marketable turkey product, designated M, is the market weight of 
the turkey, which equals a base weight plus the expected response in body 
weight for a given percentage of supplemental fat used. The factor that is 
added to the base weight is the percentage dietary fat level (F) multiplied 
by the coefficient R of the regression equation. In this instance, the 
coefficient is .6%, which states that, for each 1% addition of fat to the 
diet, body weight gain will increase .6% above B (base weight). The abso­
lute value of the coefficient is .77, which is predicted on a base weight of 
11.78 kg (intercept). The base starting weight will tend to vary from ex­
periment but the percentage improvement relative to fat will operate within 
the previously mentioned range. Therefore, marketable turkey product 
(M) = B + |(R) X (B) X (F)^. To this point then the return-above-feed-cost 
equation is: Return above feed cost (N) = (M) x (T) - V = |(B) + ((R) x 
(B) X (F))] X (T) - (V). 
The feed-cost component of the general equation (V) is calculated in 
the following manner. The feed-cost fraction is equal to the cost of the 
diet containing no added fat (L) plus the percentage fat (F) multiplied by 
the cost of fat (F^). Therefore, V = L + F^(F). Within this part of the 
equation, the dietary substitution of supplemental fat for corn and subse­
quent changes in dietary soybean meal levels must be identified so that 
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a more precise feed cost component can be used. The substitution of some 
soybean meal for com must take into account the fact that substituting fat 
for corn in the diet will lower the protein content and increase the energy 
portion. To balance this occurrence, the least-cost ration will require 
more protein and less energy. In other words, least costing will require 
less corn and more soybean meal with increments of dietary fat supplementa­
tion. 
The metabolizable energy (ME) and protein values for soybean meal and 
corn are 2440 and 3430 kcal/kg and 48 and 8.8%, respectively (Jensen et al., 
1970). The ME value for supplemental fat is 8000 kcal/kg. The solution of 
the least-cost option of the linear program model indicates that for each 
1% supplemental dietary fat used, .23% additional soybean meal must be 
added, and 1.23% corn must be removed from the diet. The protein and 
energy adjustment information must be combined with the feed cost of the 
diet to give an adjusted or variable cost figure. 
Because .23% soybean meal must be added to the ration for every 1% 
fat added, the number .23 multiplied by the percentage supplemental fat (F) 
gives the total amount of additional soybean meal added to the ration. 
This number must then be multiplied by the soybean meal price (S) to ob­
tain the cost of the increased amount of soybean meal needed. The portion 
of the model describing the change in diet cost associated with the adjust­
ment of dietary soybean meal concentration would be |T.23) x (F) x (Sjj. A 
corresponding reduction of 1.23% corn must be made for each percent added 
fat. This is shown as 1.23 x F x corn price (C) (1.23 x F x C). 
Therefore, the feed-cost fraction V = L = ((F^) x (F)) + ((.23) x (F) x 
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(S)) - ((1.23) X (F) X (C)). V is then divided by 100 to facilitate easier 
mathematical manipulations by placing the input components of com and soy­
bean meal on a per kg basis. 
The feed cost function must be multiplied by the amount of feed con­
sumed so that total feed cost can be ascertained. Total feed consumption is 
a multiple of the turkey's body weight (M) and efficiency of feed utiliza­
tion. The base feed efficiency figure is the intercept of the feed/gain 
regression equation. 
The data obtained from the feeding experiment show that feed efficiency 
improved 1.3% for each 1% fat added to the diet. The base feed efficiency 
(E) for the turkeys fed the diet containing no added fat was 3.21 kg of feed/ 
kg of gain. Thus, in absolute terms, feed efficiency was improved .043 
units per percent fat added. The adjustment for improving feed efficiency 
is expressed as E - ((Z)(E)(F)). Where: Z = percent change in feed effici­
ency/percent supplemental fat. Therefore, the feed cost fraction is: V = 
(M) X (E) - ((Z)(E)(F)) (L) + (Fj)(F) + (.23)(F)(S) - ((1.23)(F)(C)) + 
100. 
The net revenue figure generated from the formula is a predictor of the 
economic usefulness of supplemental fat in turkey production rations. In 
essence, the production-function model is relating ameliorated feed effi­
ciency and body weight gains to economic returns based on experimental data. 
The model is actually attempting to convert biological change (weight gain 
and feed efficiency), which is a function of supplemental fat, into return-
above-cost information. With this formula and existing linear programming 
capabilities, a turkey producer (or feed manufacturer) could predict opti­
mum returns from the use of supplemental fat in diets for growing turkeys. 
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Various ranges for feed ingredient costs, turkey market price, and 
added fat levels can be used to fully assess the capabilities of the model. 
The ranges used should approximate the market conditions to be most rele­
vant. The actual values used for the input variables will be dependent upon 
the individual producer's purchasing and marketing circumstances. 
The linear program for least-cost formulation of the ration with no 
supplemental fat (to generate L) and the integration program for the pro­
duction equation were written in MPSX, an International Business Machines 
package (International Business Machines Co., 1972; Libben et al., 1973). 
The production function equation was written in Fortran IV. The initial 
computing model was run at the Iowa State University Computation Center on 
a National Advance System Unit NAS/6. 
Computer output generated from this program gives the soybean meal 
price, corn price, turkey market price, feed cost, fat price, and percent 
fat used in the diet. The return above feed cost is calculated from the 
various prices placed into the production-function equation. Sample out­
puts of expected returns above feed costs for a typical tom-turkey grower 
operation are displayed in Table 4. In each of two outputs, four levels of 
supplemental fat (0, 1, 3, or 1%) were used within the constraints of 
specific prices of soybean meal, corn, market turkeys, and fat. The 
two examples differed only in the price of fat used. As expected, the 
price of fat had a notable effect on return above feed cost. When fat 
was $.37/kg, monetary returns increased with increments of supplemental 
fat. The opposite was true when fat was $.46/kg. The effects of change 
in prices of other inputs could be assessed in the same way by using 
the model presented herein. 
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The data presented in Table 5 show the impact of using $.09/kg as the 
price of corn in conjunction with market prices of turkeys of .81 and $.88/ 
kg. As expected, the decrease in corn price resulted in a less expensive 
no-added-fat diet ($.148/kg) than was encountered in the example shown in 
Table 4 ($.186/kg). With a turkey market price of $.81/kg and fat at $.37/ 
kg, overall net return above feed cost per turkey increased, irrespective of 
supplemental fat level, when corn was $.09/kg instead of $.13/kg (Table 4). 
Concurrently, the slight economic advantage of added fat observed when corn 
was $.13/kg disappeared with corn priced at $.09/kg. Indeed, there was a 
slight monetary disadvantage in using supplemental fat when corn and turkey 
market prices were .09 and $.81/kg, respectively. 
The data of Table 5 also demonstrate that each increment of 
supplemental fat was of distinct economic advantage when the market 
price of turkeys increased to $.88/kg and corn remained at $.09/kg. 
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APPLICATIONS 
The production function model can be used by turkey producers 
and(or) feed manufacturers to estimate the economic potential of 
various levels of fat supplementation within the constraints of a 
given time. Researchers also may find the model useful for determining 
the effects of fat supplementation on associated economically signifi­
cant production factors such as the time period needed by turkeys to 
attain market weight, the impact on use of production facilities, 
and the time and labor involved in feed and manure handling. 
The model itself has some limitations which may alter its 
effectiveness and use. The model assumes producer awareness of feed 
costs and production efficiency data. In practice, if either one of 
these input assumptions is incorrect, the applicability of the model 
will be curtailed. The model encompasses feed cost and production 
data to optimize returns above feed costs. Other aspects of turkey 
production management are critical for full realization of the 
potential economic returns from use of the model. 
The second limitation of the model is whether or not the responses 
to supplemental fat are reproducible under a variety of turkey pro­
duction situations. As mentioned previously, utilization of feed 
efficiency and body weight improvement coefficients obtained from the 
feeding experiment differed somewhat from the literature findings. The 
changes in production characteristics observed were slightly less in 
magnitude than those reported by Waibel et al., (1973) and Potter et al.. 
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(1974). This indicates that more research is needed to make the 
regression coefficients used in the model more appropriate. 
The design of the experiment of using graded levels of added fat 
from which data were obtained for use in the model differs slightly from 
other studies (deAlbuquerque et al., 1978) Potter et al., 1974; Waibel 
et al., 1977). In the current research, turkeys were fed graded levels 
of fat from hatch to 20 weeks of age while the responses reported by 
other researchers were obtained by feeding fat from 8 to 25 weeks of 
age. This presents no great difficulty except that the model presented 
herein is predicated on data obtained from hatch to 20 weeks of age, 
and comparative literature findings were obtained during the mid- to 
latter growth period (8 to 20-plus weeks). The latter part of the 
growing period is the time when most of the feed is consumed and when 
the response to added fat may be most effective in terms of total feed 
consumed. 
The fat-optimizing model will become more accurate in predicting 
economic returns from turkey diets supplemented with fat when additional 
research data are available that more precisely measure the effects of 
added fat. To date, published data have shown that magnitudes of 
responses to the use of supplemental fat, vary somewhat (in terms of 
production criteria). The model described herein, however, can be used 
to evaluate the economic significance of the variable production responses 
to fat supplementation reported in the literature. Also, the model can 
be used to evaluate production data obtained from future research on fat 
supplementation of turkey diets. 
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Table 1. Influence of Fat Supplementation on Turkey Performance 
Supplemental 142 Day Body Weight Consumed/kg Gain, 1-142 Days 
Fat, % kg/Tom Feed, kg 
0 (Control) 11.78 3.21 
2 12.08 3.00 
4 12.45 2.98 
8 12.92 2.90 
Control vs. Fat 0.01* 0.01 
Linear Effect of Fat 0.01 0.01 
Fat Level x ME Ration n.s. n.s. 
^Probability of statistical significance. 
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Table 2. Definition of Variables 
B = weight of turkey feed no added fat = base weight 
C = price of com/kg 
E = base efficiency (feed/grain) 
F = percent added fat 
FJ = price of fat/kg 
Fg = (R) X (B) X (F) 
L = cost/kg of the ration containing no added fat 
M = marketable turkey (Market weight of turkey, kg) = B + Fg 
N = return above feed cost 
R = linear coefficient of the regression equation describing the 
change in body weight per one percent added fat. In this study, 
body weight increased .6%/one percent fat. 
S = price of soybean meal/kg 
T = turkey market price/kg liveweight 
V = total feed cost 
Z = linear coefficient of the regression equation describing the 
change in feed efficiency per one percent added fat. In this 
study, feed efficiency improved 1.3%/one percent fat. 
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Table 3. Regression of Final Body Weight and Feed Efficiency on Level 
of Supplemental Fat in Com Based Diets 
Regression Equation 
Significance of 
Coefficient 
Improvement for 
Each 1% 
Supplemental Fat, % 
Body Weight 
M = 11.78 + .077Fa .001 0.6 
Feed Body Weight 
y = 3.21 - .043F .001 1.3 
= percent supplemental fat in the diet 
Table 4. Sample Output of the Fat Optimizing Model with Two Different Prices of Supplemental Fat 
Soybean Meal 
Price 
$/kg 
Com 
Price 
$/kg 
Turkey 
Market Price 
Liveweight 
$/kg 
Diet Cost® 
(From L.P. Model) 
$/kg 
Fat 
Pri ce 
$/kg 
Supplemental 
Fat, % of 
Diet 
Return 
Above Feed 
Cost/Turkey 
($) 
.26 .13 .81 .186 .37 0 2.55 
.26 .13 .81 .186 .37 1.0 2.56 
.26 .13 .81 .186 .37 3.0 2.58 
.26 .13 .81 .186 .37 7.0 2.66 
.26 .13 .81 .186 .46 1.0 2.52 
.26 .13 .81 .186 .46 3.0 2.48 
.26 .13 .81 .186 .46 7.0 2.44 
^Cost of the control diet (no added fat) = L in the model equation. 
Table 5- Sample Output of Fat Optimizing Model with Com at $,09/kg and with Two Different 
Market Prices for Turkeys 
Turkey Return 
Soybean Meal Corn Market Price Diet Cost* Fat Supplemental Above Feed 
Price Price Liveweight (From L.P. Model) Price Fat, % of Cost/Turkey 
$/kg $/kg $/kg $/kg $/kg Diet ( $ )  
.26 .09 .81 .148 .37 0 4.00 
.26 .09 .81 .148 .37 1.0 4.00 
.26 .09 .81 .148 .37 3.0 3.98 
.26 .09 .81 .148 .37 5.0 3.97 
.26 .09 .81 .148 .37 7.0 3.97 
.26 .09 .88 .148 .37 0 4.77 
.26 .09 .88 .148 .37 1.0 4.78 
.26 .09 .88 .148 .37 3.0 4.79 
.26 .09 .88 .148 .37 5.0 4.81 
.26 .09 .88 .148 .37 7.0 4.83 
Cost of the control diet (no added fat) = L in the model equation. 
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An experiment was conducted to evaluate the effects of supplemental 
fat in diets of growing turkeys. The experiment used graded levels of 
supplemental fat, 1, 3, 5, and 7 percent for one series and 2, 4, and 
8 percent for a second series. The results indicated that supplemental 
fat improves body weight gain 1.07% and ameliorates feed efficiency 1.17%, 
respectively, for each one percent supplemented fat. These results 
compared favorably with recent literature findings which showed a 0.79% 
increase in body weight gain and 1.79% improvement in feed efficiency, 
respectively, for each one percent fat added to the diet. A predictive 
equation was then generated which allows a turkey producer to evaluate 
not only the biological effects of fat supplementation but the economic 
considerations as well. The predictive equation evaluates the relative 
importance of soybean meal price» corn price, turkey market price, fat 
level used, and fat price as specific variables associated with the 
economic feasibility of fat supplementation. This permits a turkey 
producer to determine the economically beneficial circumstances of using 
fat supplementation in practical type turkey diets. 
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INTRODUCTION 
The use of supplemental fats has become commonplace in today's 
least-cost, computer formulated rations for growing turkeys. Beneficial 
effects of supplemental fat on weight gain and feed efficiency were 
observed in the 1950s by several investigators (Biely and March, 1954; 
Sunde, 1954; Waibel, 1958; Balloun et al. 1959). The average responses 
observed by these investigators were approximately a one percent increase 
in body weight and a one percent improvement in feed efficiency for each 
one percent supplemental fat used in the diet. 
As experimentation continued, Touchburn and Naber (1966) reported 
an extra caloric effect associated with fat supplementation of turkey 
diets. This effect produced beneficial responses in body weight gain and 
efficiency of feed utilization. Its presence was substantiated with 
growing turkeys from 8 to 24 weeks of age by Jensen et al. (1970). 
Further research in the 1970s showed fat supplementation of curkey 
diets to be effective in producing improvements in production char­
acteristics, final body weights and utilization of feed (Potter et al., 
1974; deAlbuquerque et al., 1978; Waibel, 1978). Sources of fat shown 
to be effective included those of animal origin (tallow, lard), vegetable 
origin (corn oil, soy oil, etc.) and mixtures of animal and vegetable 
fats. The type of fat used and the level of usage produced varying 
levels of effects (Kagan, 1982), ranging from 0.5 to 2.5% improvement 
in feed utilization, to 0.6 to 2.2% increase in body weight per one 
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percent added fat. Sell and Ov/ings (1981) conducted a series of tests 
to obtain more precise, quantitative measures of supplemental fat's 
effect on turkey production. These data demonstrated that supplemental 
fat was effective in improving feed utilization from 0.8 to 1.5% for 
each one percent supplemental fat used while concurrently increasing 
body weight gains 0.6 to 1.2% for each one percent supplemental fat added 
to diets of growing turkeys. Owen et al. (1981) reported similar 
improvements in production characteristics. 
Much of the research has concentrated on determining the effects of 
supplemental fat on growth and feed efficiency characteristics of turkeys 
with little emphasis on the economic ramifications. Waibel et al. (1973) 
evaluated the economic contribution of fat supplementation to turkey 
production and reported that fat addition was optimized at 8.4% of the 
diet. This level of fat addition produced the largest net monetary 
return per turkey under the production cost situation prevailing at the 
time of the study. 
This paper's objective is to report an experiment and a method 
of analysis designed to quantitatively determine the economic effects 
of using supplemental fat in turkey diets. The analysis procedure 
includes least-cost ration formulation, varying input prices for 
major dietary ingredients (corn, soybean meal), differing levels of fat 
usage (1 to 8%), a fluctuating live turkey market price, and various 
prices of supplemental fat. In an economic analysis of fat 
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supplementation of turkey diets, the prices of dietary ingredients 
corn and soybean meal must be evaluated thoroughly because they will 
constitute 50 to 80% of the total diet cost. 
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EXPERIMENTAL PROCEDURE 
The experimental procedure used to obtain a portion of the data 
for this study has been described by Sell and Owings (1981). Nicholas, 
large-white male turkey poults were the experimental animals used. The 
turkeys were maintained in total confinement pens for the duration of the 
experiments. Twenty-five or twenty-six poults were placed in each pen, 
depending on the experiment, to comprise the experimental unit. 
The first objective of the study was to determine a quantitative 
value, in terms of production variables (body weight gain and utiliza­
tion of feed) for supplemental fat in turkey diets. The source of the 
supplemental fat was a commercial blended animal-vegetable fat. The 
fatty acid content of the fat source varied somewhat among experiments, 
but was within ranges encountered commercially. The metabolizable 
energy (ME) value of the fat source was 8140 Kcal/kg, the value used 
in diet formulation. 
All diets were formulated to meet or exceed National Research 
Council (N.R.C., 1977) levels. The diets were formulated through a 
least-cost ration formulation version of linear programming at the Iowa 
State University Computation Center, using a National Advance System 
NAS/6 computer. The input costs of dietary ingredients were those 
relevant at the time of the study. 
The experimental diets used to evaluate the effect of supplemental 
fat were designed with added fat levels of 1 to 8%. The procedure of 
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using the graded levels (1 to 8%) of dietary fat addition allowed for 
a response associated with each percentage of fat supplementation to 
be determined for both body weight and efficiency of feed utilization. 
The experimental diets were compared to a common basal (no added fat) 
diet (Sell and Owings, 1981) shown in Table 1. The data obtained from 
the experimental series were analyzed by regression analysis as described 
by Barr et al. (1979). The regression equations describing the 
relationship between added fat and changes in 20-week body weight or 
feed efficiency were presented by Sell and Owings (1981). 
The regression coefficients were calculated for the experimental 
data quantifying the improvements in feed efficiency and body weight 
gain. The regression information was adjusted to reflect the feed 
efficiency and body weight changes associated with each one percent fat 
included in the diet. The data from the regression analyses were used 
in a production function model to generate return above feed cost (in 
dollars) information. The use of this model to describe the economic 
implications of supplemental fat in turkey diets in terms of return 
above feed cost has been described (Kagan et al.,1982). The model is 
shown in Table 2. The production function model predicts return above 
feed cost values for turkey diets that contain supplemental fat. 
The model consists of prices of liveweight turkeys, corn, soybean meal, 
supplemental fat, and percent fat added to the diet (Table 3). 
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In addition to the experimental data, data extracted from literature 
sources were applied to the production function model to increase the 
base for return above feed cost information. These data (Table 4) 
were transformed to express a percentage response for feed efficiency 
and body weight gain. These effects were expressed in terms of each 
percent of fat added to the diet. The production function model 
produced data to generate a prediction model using multiple regression 
simulations. 
In the final experimental procedure, the results, expressed 
as regression equations, of the literature data (Table 4) were compared 
with empirical data obtained from Sell and Owings (1981) (Table 5). 
All data available were applied to the production function model to 
establish a return above feed cost that was reflective of supplemental 
fat. Having developed this data, they were applied to a stepwise 
multiple regression model (Barr et al., 1979), The multiple regression 
model defines the dependent variable (return above feed) as a 
function of the five independent variables (com price, soybean meal 
price, turkey market price, fat price, percent supplemental fat). 
This information allows construction of a predictive multiple regression 
equation to identify economic implications of using supplemental fat 
in turkey diets. This equation can be used to predict the economic 
effectiveness of using supplemental fat under different cost-input, 
price-received situations. The unit of expression of the multiple 
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regression model is return above feed cost in dollars. The multiple 
regression model is: Return above feed cost (y) = bo + bjXj, + b2X2 + 
bgXg + b^Xg + bgXg. This model is described by Snedecor and Cochran 
(1980). The independent variables expressed as through Xg represent 
prices of turkeys, com, soybean meal, fat and percent supplemental fat 
used. 
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RESULTS AND DISCUSSION 
The Sell and Owings (1981) data (Table 6) indicated a 1.07% 
improvement in body weight and a 1.17% improvement in feed utilization 
for each one percent added fat used in the diet. The results of the 
Sell and Owings (1981) study are consistent with other studies (Sunde, 
1954; Touchbum and Naber, 1966; Jensen et al., 1970; Owen et al., 1981) 
in that they illustrate the beneficial responses to the use of supple­
mental fat in turkey diets. 
Comparisons among various studies show the use of supplemental fat 
in turkey diets is economically beneficial. The return above feed 
cost data calculated using the production function model applied to 
the published and empirical data for growth and feed efficiency, and 
using turkey market prices of 81C/kg and 88f/kg are reported in Table 7. 
The data show that in comparison with the use of a ration containing 
no added fat a turkey producer can expect to obtain between 0.71 to 
11.86# per turkey additional return above feed cost for each one 
percent supplemental dietary fat used when the liveweight price of 
turkeys is 8U/kg. When an 884/kg turkey market price is prevalent, 
a producer may expect a 1.14 to 12.57 cent increase in return above 
feed cost revenue for each one percent added fat used. A producer is 
likely to achieve a 3.76# and 4.30# per bird improvement in return 
above feed cost for each one percent added fat used in the diet. The 
3.76# and 4.30# values are numerical averages of projecting the 
empirical and published data via the production function equation and 
correspond to an 81#/kg and 88#/kg liveweight turkey market price. 
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The published data are relatively consistent in showing an increase 
in return above feed cost when applied to the production function model. 
One exception to the increase in return above feed cost has been shown 
(Waibel et al., 1973). Waibel et al. (1973) indicated a decrease in 
return above feed cost of 2.57 and 2.14 cents per one percent added 
fat for 8U and 88^/kg, respectively, turkey market prices. The 
decrease in the return above feed cost calculated from the Waibel 
et al. (1973) data resulted from the responses to supplemental fat 
being smaller in magnitude than those of other investigators (Potter 
et al., 1974; Sell and Owings, 1981; Owen et al., 1981). The response 
reported by Waibel et al. (1973) was 0.54% increase in body weight 
and 0.97% amelioration in feed utilization for each one percent 
supplemental fat. In comparison, the average responses shown by other 
data were 0.79% and 1.73% improvement in body weight and feed utiliza­
tion, for each one percent added fat. 
To provide a turkey producer or feed manufacturer with the ability 
to predict more accurately return above feed cost revenue when con­
sidering supplemental fat usage, a predictive equation which incorporates 
data from the production function equation and data on ingredient 
cost is needed. The output data from the production function model 
using the Sell and Owings (1981) results and the literature source data 
(Table 4) became the base for the predictive equation. This predictive 
equation was derived through the use of a stepwise multiple regression 
model (Barr et al., 1979). 
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The overall stepwise regression model generated is: 
Return above feed cost (y) = -6.95 + (26.76) (turkey market 
price) + (3.90) (com price) + (-.73) (soybean meal 
price) + (-3.17) (fat price) + (0.04) (fat level). 
This model becomes the predictive equation for evaluating return above 
feed revenue as a function of supplemental dietary fat. This predictive 
model is based on the input costs and variable prices described in 
Table 3. The input variable ranges used reflect possible costs that 
a producer may experience within a marketing period. The variable 
input costs used will alter only the output. The prices and costs 
used in this set of calculations were relevant for the period of the 
study. 
In applying the production function model (Kagan et al., 1982) 
the overall feed cost represents an "average ration" (Table 8) used 
throughout the turkey production cycle, 19% protein ration. The 
full optimization of the predictive model may be improved if refine­
ments were placed on the average ration cost by incorporating the 
feed cost represented in the six to eight different diets used in 
practical turkey production systems. To be of maximum benefit to 
the producer, the production function equation can be coupled to 
existing least cost ration formulation programs. Doing so would allow 
a turkey producer or feed manufacturer to predict a more precise 
return above feed cost which would be based on existing ingredient 
input costs. This could be done for each diet used during the entire 
turkey growing period. 
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The various combinations of prices for liveweight turkeys, corn, . 
soybean meal, fat, and supplemental fat usage levels (Table 9) were 
applied to the predictive equation. The resulting return above feed 
cost data illustrate the predictive ability of the model and show 
the effects of differing fat prices, level of fat usage and turkey 
market prices on return above feed cost. Table 9 data indicate a 
slight monetary decrease in return above feed cost when 3% supplemental 
fat was used and the price of fat increased from 37^/kg to 46(t/kg. 
An improvement in return above feed cost is indicated when supplemental 
fat is increased from 3% to 7% of the ration. More specifically, return 
above feed cost increased from $2.57 to $2.79 per turkey as supplemental 
fat was increased from 3% to 7% with fat price at 46^/kg and a turkey 
market price of 8U/kg (Table 9). When the turkey market price was 
88(t/kg and supplemental fat was increased from 3 to 7% of the ration, 
the return above feed cost increased from $3.43 to $3.59 per turkey. 
The predictive equation that was derived is more efficient to 
use than the production function model. This is because a producer can 
evaluate production input costs and immediately determine return above 
feed cost, whereas with the production equation the process of evalua­
tion is slightly more cumbersome. The predictive equation represents 
a method of evaluating supplemental fat usage in which each variable 
is represented by a coefficient that establishes its relative importance 
in determining the economic effectiveness of fat supplementation. 
Application of the production function equation is relatively awkward 
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because it requires the use of body weight and feed efficiency data in 
each calculation. The production model does not indicate clearly the 
relative importance of cost-price input information with respect to 
the output data. In contrast, the predictive equation utilizes 
average biological response information from published data to obtain 
coefficients that can be used to readily determine the economic impact 
of cost-price inputs on return above feed cost with different levels of 
fat supplementation. 
The bo intercept value of (-)6.95 of the multiple regression 
equation is predicated on an average ration cost of 8.464/lb. (19.6U/kg). 
If the average feed cost to a turkey producer were 8.56f/lb. (19.83f/kg), 
one would adjust the axis intercept value to -7.05. Conversely, if 
the feed cost were 8.364/lb. (18.39d/kg) an adjustment of the bg 
intercept value is made to compensate for an increase or decrease in 
the actual feed cost change, for example, a feed cost decrease of 
lOf/lb. (22.2f/kg) will result in a .10 decrease in the intercept value. 
In analyzing the quantitative effects of supplemental fat adddition 
to turkey diets on economic returns, the dietary response must be 
known. The age interval during which supplemental fat was introduced 
into the experimental diet, the calorie to protein ratio and the amino 
acid balance of the diet are constraints that may affect the usefulness 
of the predictive equation. The experimental procedure used in this 
study attempted to reduce as many confounding factors as possible so 
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as to establish a legitimate predictive model which would define the 
quantitative economic aspects of fat addition to practical type 
turkey diets. 
No attempt was made in this study to optimize the level of 
supplemental fat usage. This was because practical feeding systems 
of turkeys include altering the diet every 3-4 weeks during the 
production cycle. It was assumed in the current study that an 
average ration would be used throughout the productive period. 
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Table 1. Ingredient composition of basal (no added fat) diets.® 
Age interval, days 
Ingredient 1-21 21-42 42-63 63-84 84-112 112-140 
Com 48.04 53.16 59.39 63.95 72.54 79.19 
Soybean Meal (48% protein) 42.23 31.05 31.34 27.59 18.15 12.75 
Meat and Bone Meal 
(50% protein) none 6.00 2.56 3.77 6.00 6.00 
Alfalfa Meal 
(17% protein) none 2.49 none none none none 
Hydrolyzed Feather Meal 3.00 3.00 2.64 1.26 0.91 none 
Fish Meal (Menhaden) 2.00 2.00 none none none none 
Limestone .90 .05 .62 .80 .77 .44 
Dicalcium Phosphate 2.83 1.28 2.51 1.69 .61 .65 
Vitamin Premix^ .50 .50 .50 .50 .50 .50 
Mineral Premix^ .30 .30 .30 .30 .30 .30 
OL-Methionine (95) .20 .17 .14 .14 .10 .09 
L-Lysine HCl (78%) none none none none .12 .12 
Calculated Analysis: 
Protein, % 28.50 27.00 24 .00 22.00 19.00 16.18 
Lysine, % 1.60 1.44 1 .25 1.15 1.02 .85 
Methionine, % .61 .56 .49 .475 .04 .364 
Total Sulfur A.A., % .92 .87 .75 .70 .606 .53 
Tryptophan, % .35 .31 .284 .26 .208 .174 
Calcium, % 1.20 1.15 1 .15 1.15 1.30 .95 
Avail. Phosphorus, % .70 .70 .70 .60 .50 .50 
ME, kcal/kg 2805 2860 2915 2970 3070 3145 
*The nutrient analyses for major ingredients given by NRC (1977) 
were used in formulation of the diets. Laboratory analysis for dietary 
protein indicated that this approach was satisfactory. 
^Vitamin premix supplied the following per kg of diet: vitamin A, 
3000 I.U.; vitamin D^, 1360 I.U.; vitamin E, 6 mg; vitamin Bip. 5 ug; 
menadione, 1.0 mg; riboflavin, 2.7 mg; pantothenic acid, 3.0 mg; niacin, 
25 mg; choline, 310 mg; folic acid, 0.25 mg; biotin, 75 ug. 
^Mineral premix supplied the following per kg of diet: manganese, 
70 mg; zinc, 40 mg; iron, 37 mg; copper, 6 mg; iodine, 0.18 mg; sodium 
chloride, 2.61 g. 
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Table 2. Production function model and definition of variables. 
C = Price of Com/kg 
E = Base Efficiency (Feed/Gain 
F = Percent Added Fat 
Fj = Price of Fat/kg 
L = Cost/kg of the ration containing no added fat 
m = Marketable Turkey (Market weight of turkey, kg) 
S = Price of Soybean Meal/kg 
Z = Linear coefficient of the regression equation describing the 
change in feed efficiency per one percent added fat. 
*Kagan et al., 1982. 
DEFINITION OF VARIABLES 
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Table 3. Variables applied to the production function model and the 
ranges used for each variable. 
Variable Range (cents/kg) 
Fat Price 37 - 45 
Corn Price 11 - 15 
Soybean Meal Price 22 , 31 
Turkey Market Price 81 - 95 
Range (%) 
Supplemental Fat 1 - 7 
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Table 4. Regression equations relating changes in body weight and feed 
efficiency reported in the literature to levels of supplemental 
fat tested." 
Regression Equation % Improvement/ Reference 
One % Supplemental Fat 
Body Weight 
y = 11.78 + 0.10x3 0.85 Jensen et al. (1970) 
y = 11.78 + O.lOx 0.85 Waibel (1972) 
y = 11.78 + O.Oôx 0.54 Waibel et al. (1973) 
y = 11.78 + 0.06X 0.54 Waibel et al. (1977) 
y = 11.78 + O.llx 0.93 Potter et al. (1974) 
y = 11.78 + 0.12X 1.00 Owen et al. (1981) 
Feed/Gain 
y = 3.21 - .050xb 1.56 Jensen et al. (1970) 
y = 3.21 - .052x 1.62 Waibel (1972) 
y = 3.21 - .031x 0.97 Waibel et al. (1973) 
y = 3.21 - .072x 2.24 Waibel et al. (1977) 
y = 3.21 - .083x 2.59 Potter et al. (1974) 
y = 3.21 - .044x 1.37 Owen et al. (1981) 
^Changes in body weight (kg) associated with each percent change of 
added fat. 
^Changes in feed efficiency associated with each percent change of 
added fat. 
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Table 5. The regression of final body weight and feed efficiency on 
supplemental fat (experiments 1-4).* 
Regression Equation % Improvement/One % 
Supplemental Fat 
BODY WEIGHT 
y = 11.78 + 0.13x^ 1.07 
FEED/GAIN 
y = 3.21 - .039xC 1.17 
*Sell and O/ings, 1981. 
^See Footnote a Table 4. 
^See Footnote b Table 4. 
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Table 6. Influence of supplemental fat on body weight and feed 
efficiency of turkeys (Experiments 1-4).* 
Supplemental Fat; Final Feed/Gain Experiment 
% Body Weight Number 
0 (Basal) 11.73(140 days) 3.26 1 
1 11.98 3.19 1 
3 12.11 3.08 1 
5 11.92 3.12 1 
7 12.57 2.92 1 
O(Basal) 10.55(139 days) 3.09 2 
2 10.65 2.93 2 
4 11.08 2.90 2 
6 11.22 2.88 2 
8 11.62 2.77 2 
0(Basal) 11.80(142 days) 3.17 3 
2 12.08 3.00 3 
4 12.45 2.98 3 
8 12.92 2.90 3 
0(Basal ) 10.25(140 days) 3.07 4 
2 10.12 2.93 4 
4 10.52 2.80 4 
8 11.05 2.71 4 
^Sell and Owings, 1981. 
Table 7. Return above feed cost obtained from the application of the production function model 
to data from the different reference sources using differing levels of supplemental fat. 
At 814/kg Source 
Sell & Owen Jensen Uaibel , Waibel Potter 
Fat Level Owings et al. et al. liai bel et al. et al. et al. 
(1981) (1981) (1970) (1972) (1973) (1977) (1974) 
0 2.55 2.55 2.55 2.55 2.55 2.55 2.55 
1 2.55 2.56 2.57 2.57 2.52 2.61 2.64 
3 2.55 2.59 2.62 2.63 2.46 2.75 2.86 
5 2.57 2.63 2.68 2.71 2.41 2.91 3.10 
7 2.60 2.68 2.76 2.80 2.37 3.10 3.38 
Xyturkey'^ . 7 H /  1.86(/ 3.00*/ 3.574/ (2.57)4/ 7.864/ 11.864/ 
turkey turkey turkey turkey turkey turkey turkey 
At 88^/kg 
0 3.33 3.33 3.33 3.33 3.33 3.33 3.33 
1 3.33 3.34 3.35 3.36 3.30 3.39 3.43 
3 3.34 3.44 3.49 3.43 3.25 3.54 3.66 
5 3.37 3.44 3.49 3.52 3.21 3.71 3.91 
7 3.41 3.51 3.59 3.62 3.18 3.90 4.21 
X/turkeyC I . I H /  2.57(/ 3.7U/ 4.144/ (2.14)4/ 8.144/ 12.574/ 
—1 
turkey turkey turkey turkey turkey turkey turkey 
^Average increase (decrease) in return above feed cost associated with each percent added fat 
used in the diet. 
^Average increase with an 8U/kg live turkey market; overall J for 81f/kg = 3 .76 (/turkey/l% 
added fat. 
^Average increase with an 884/kg live turkey market; overall J for 88^/kg = 4.304/turkey/l% 
added fat. 
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Table 8. Innredient composition and calculated analysis® of the 
average ration applied to the production function model. 
Ingredient 
Corn 
Soybean Meal (48% protein) 
Meat and Bone Meal (50% protein) 
Hydrolyzed Feather Meal 
Limestone 
Dical ci urn Phosphate 
Vitamin Premixb 
Mineral Premix^ 
DL-Methionine (95%) 
Calculated Analysis 
Protein, % 19.75 
Lysine, % 1.00 
Methionine, % 0.41 
Total Sulfur A.A., % 0.6 
Trytophan, % 0.22 
Calcium, % 1.10 
Avail. Phosphorous, % 0.5 
MF, Kcal/kg 3050 
The nutrient analyses for major ingredients given by NRC (1977) were 
used in formulation of the diets. Laboratory analysis for dietary 
protein indicated that this approach was satisfactory. 
^Vitamin premix supplied the following per kg of diet: vitamin A, 
3000 I.U.; vitamin D3, 1360 I.U.; vitamin E, 6 mg; vitamin 8,0, 5 ug; 
menadione, 1.0 mg; riboflavin, 2.7 mg; pantothenic acid, 3.0 nig; niacin, 
25 mg; choline, 310 mg; folic acid, 0.25 mg; biotin, 75 ug. 
^Mineral premix supplied the following per kg of diet: manganese, 70 
mg; zinc, 40 mg; iron, 37 mg; copper, 6 mg; iodine, 0.18 mg; sodium 
chloride, 2.61 g. 
70.24 
21.22 
5.74 
0.40 
0.80 
0.70 
0.5 
0.3 
0 . 1  
Table 9. The application of the fat usage predictive model using different fat levels, fat 
prices, ana turkey market prices.a 
Equation 
Return Above Feed Cost = y = -6.95 + (26.76) (Turkey Market Price) + (3.90) (Com Price) + 
(-.73) (Soybean Meal Price) + (-3.17) (Fat Price) + (0.04) 
(Fat Level). 
Given 3% Fat 5% Fat 7% Fat 
Fat Price (*/lb) 17 (37)b 21 (46) 17 (37) 21 (46) 17 (37) 17 (37) 17 (37) 17 (37) 
Fat Level (%) 3 3 3 3 5 5 7 7 
Com Price ((/lb) 5 (11) 5 (11) 5 (11) 5 (11) 5 (11) 5 (11) 5 (11) 5 (11) 
Soybean Meal Price (4/lb) 12 (26) 12 (26) 12 (26) 12 (26) 12 (26) 12 (26) 12 (26) 12 (26) 
Turkey Market Price (4/lb) 
(Liveweight) 
'turn Above Feed 
Cost($)/turkey 
37 (81) 37 (81) 40 (88) 40 (88) 37 (81) 40 (88) 37 (81) 40 (88) 
2.63 2.57 3.43 3.37 2.71 3.51 2.79 3.59 
®Model variables are applied on a price per pound basis. 
^Figure in parentheses is price per kg for each variable. 
74 
GENERAL SUMMARY 
The data base for this study included results of experiments 
conducted during the course of the project and data available from 
the literature. These data were used to obtain quantitative informa­
tion describing supplemental dietary fat's effects on body weight 
gain and efficiency of feed utilization of growing turkeys. Evaluation 
of the data showed a significant relationship between level of 
supplemental fat and turkey growth. Weight gain and feed efficiency 
were improved 0.84% and 1.65%, respectively, for each one percent fat. 
A model was derived to determine under alternative levels of 
fat usage, ration ingredient costs, and turkey market prices 
the economically feasible situations for supplemental dietary fat usage 
in growing turkey diets. The model considers the dietary interactions 
associated with fat addition in terms of corn and soybean meal adjust­
ments to balance protein and energy requirements when fat is used. 
The model can be coupled to existing least-cost ration formulation 
programs used by turkey producers or feed manufacturers to allow for 
immediate feedback regarding the economic feasibility of fat addition. 
Two potential limitations exist in applying this model. The validity 
of the information obtained from the model will be limited by the 
appropriateness of the input costs in each specific situation and by 
the accuracy of the published data regarding the responses of turkeys 
to supplemental fat levels. 
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Given the limitations of the production function model, a 
predictive equation was generated using a stepwise multiple regression 
procedure to more adequately assess the economic benefits of using 
supplemental fat. The multiple regression model is more efficient 
to use than the production model because the regresson equation 
directly measures return above feed cost whereas the production 
function model measures return above feed cost indirectly. The 
major advantage of the prediction equation is that regression 
coefficients calculated for the input variables measure the relative 
importance of the input-output relationships and serve as a basis 
for determining the economic effectiveness of fat supplementation. 
To fully assess the practicality of the production function 
model and the predictive equation, many dietary input factors had 
to be gauged. The input factors measured in this study were overall 
diet cost, cost of corn, cost of soybean meal, cost of supplemental 
fat, turkey market price (liveweight) and level (percent) supplemental 
fat incorporated into the growing turkey diet. 
Research is needed to more adequately define protein and amino 
acid requirements of growing turkeys, the energy requirements of 
the growing turkey and the interaction between protein to calorie 
density within the turkey diet. When the information has been 
ascertained to precisely pinpoint these dietary requirements, a more 
accurate model can be developed to predict the economic implications 
of fat usage in turkey diets. 
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CONCLUSIONS 
1. The use of supplemental fat in diets of growing turkeys stimulates 
body weight gain an average of 0.85% and ameliorates feed efficiency 
an average of 1.65%, respectively, for each one percent used. 
These average production responses are based on experimental data 
used in this study and on data published in the literature. 
2. A production function equation was developed to evaluate the 
economic ramifications of supplemental fat usage in growing turkey 
diets. The model incorporates biological data on supplemental 
fat's effects on body weight gain and feed efficiency with several 
cost-price inputs in order to determine the effect of supplemental 
fat on return above feed cost. The equation can be used to assess 
the economic conditions wherein supplemental fat usage in turkey 
diets would be monetarily beneficial. 
3. A predictive equation was generated through the use of a stepwise 
multiple regression model. The equation evaluates the influence 
of the independent variables, corn price, soybean meal price, turkey 
market price, fat price and level of supplemental fat used on the 
dependent variable, return above feed cost. This equation allows 
a turkey producer to consider the economic alternatives associated 
with supplemental fat in turkey diets. 
77 
4. Overall, it seems apparent that fat supplementation is of economic 
benefit when used in turkey production diets. The specific level of 
usage, and the exact monetary return derived from fat supplementation 
of turkey diets is dependent on producer input costs, fat handling 
capability, duration of marketing period, and turkey market price. 
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